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  Abstract 

 Cancer care has improved and intensi fi ed 
over recent decades, and as patients with 
cancer survive longer, various infectious 
complications have been more pronounced. 
Pediatric cancer patients are at high risk of 
infectious complications because they are 
immunologically immature. Human cyto-
megalovirus (HCMV) is a persistent patho-
gen, can cause life threatening infection in 
immunocompromised patients, such as bone 
marrow and organ transplant recipients, 
 persons with AIDS, and patients with hema-
tological malignancies (leukemias and 
 lymphomas). Despite Previous studies before 
application of sensitive molecular methods, 
demonstrated association of CMV with fever 
and hepatitis in children with malignancy, 
CMV has not been extensively studied in 
pediatric cancer patients. Very limited data 
are available in the literatures related to 
symptomatic CMV infection and its clinical 
relevance on outcome of diseases in pediat-
ric cancer patients especially children with 
hematological malignancies. These studies 
are relevant as new advanced diagnostic 
techniques are now available for detection of 
the virus in different clinical specimens, 
 new advances in the management of CMV 
infection and disease have been developed, 
and the performance of prospective clinical 
trails of antiviral agents has been evaluated. 
Therefore, the aim of this review is to shade a 
light on some of these data that are available 
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in the literatures, and relevance of future 
studies concerned activity of CMV in pedi-
atric lymphoma patients.      

   Cytomegalovirus Background    

 Human cytomegalovirus (HCMV) is a DNA virus 
of the betaherpesviridae family, with a diameter 
of 200 nm, linear double stranded DNA is approx-
imately 240 kb in size. It is the largest member of 
the herpesvirus family. It has unique long (UL) 
and short sequences (US), both of which are 
bounded by homologous repetitive sequences. It 
encodes about 200 open reading frames. Until 
now only 33 structural proteins and some infected 
cell proteins are known. CMV replicative cycle 
has been divided into three independent times 
periods-immediate-early (IE: de fi ned 2–4 h post 
infection), early (E: 8–24 h post infection), and 
late (L 12–36 h post infection) based on the 
appearance of different classes of CMV-speci fi c 
proteins during each interval. Expression of both 
E and late genes is dependent on IE gene expres-
sion (Sinclair and Sissons  2006  ) . The  fi rst CMV 
infection in humans was probably recorded in the 
year 1881 by Ribbert (Vancíková and Dvorák 
 2001  ) . Various strains of CMV, that can conse-
quently infect the same patient, exist. 

 CMV infection is distributed worldwide, with 
geographic differences explained by socioeconomic 
differences of exposure. In developing countries 
where poor hygiene and overcrowdness, and low 
socioeconomic status, children acquire infection 
early in life, and seroprevalence approaches 
100% by early adulthood. In contrast, in devel-
oped countries, the seroprevalence of CMV 
approximates 50% in young adults (Wang et al. 
 2011  ) . Sources of virus include oropharyngeal 
secretions, urine, cervical and vaginal secretions, 
spermatic  fl uids, breast milk and blood. Vertical 
spread is transplacental. An important route of 
infection is iatrogenic-solid organ (SOT) and 
bone marrow transplantation (BMT) and blood 
transfusion (Vancíková and Dvorák  2001  ) . Except 
for a mononucleosis-like illness in some persons, 
infection with CMV rarely causes disease in 
immunocompetent individuals. Therefore, CMV 

disease is restricted to the immunocompromised 
host (Vancíková and Dvorák  2001 ; Loutfy and 
Mansout  2000  ) . 

 CMV has evolved several strategies to avoid 
its elimination and eventually hides itself in a 
silent state, referred as “viral latency” with 
absence of any detectable production of infectious 
virus, but kept the ability of viral genome to 
reactivate under speci fi c stimuli. There is a pos-
sibility that CMV reactivation occurs routinely in 
normal, healthy virus carriers, but this is unlikely 
to present a problem in the immunocompetent, 
due to a robust CD8+ cytotoxic T-lymphocytes 
(CTL) response to the virus. Consistent with this 
is the observation that the T-cell repertoire of 
healthy seropositive individuals contains a strik-
ingly high frequency of CTLs that recognize 
CMV epitopes. It is also still unclear whether any 
increased frequency of cells reactivating CMV 
from latency results from immunosuppression 
per se; reactivation itself could be stimulated 
greatly by numerous cytokines elicited by other 
infections, allogeneic stimulation, transplant 
rejection or graft-versus-host disease-all of which 
often result in, or are treated by, immunosuppres-
sion (Sinclair and Sissons  2006  ) . 

 In vivo studies have demonstrated a particu-
larly strong relationship between CMV and DCs 
and showed that persistence of CMV is associated 
intimately with the normal program of myeloid-cell 
differentiation; it is the changes in the internal 
cellular environment that accompany differentia-
tion that promote virus reactivation. 

 Therefore, future studies will be needed to 
de fi ne precisely the biochemical triggers respon-
sible for myeloid DC differentiation as these also 
appear to promote the switch from viral latency 
to reactivation (Sinclair and Sissons  2006  ) .  

   Cytomegalovirus Infection in Patients 
with Hematological Malignancies 

 Cytomegalovirus continues to be a signi fi cant 
cause of morbidity and mortality in immuno-
compromised hosts, including those with human 
immunode fi ciency virus (HIV) infection and patients 
following allogeneic stem cell transplantation 
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(SCT) or organ transplantation. The virus causes 
such CMV related diseases as pneumonia, entero-
colitis, and retinitis, Ganciclovir and foscarnet 
are effective drugs for treating CMV caused 
disease, but they have various side effects, including 
pancytopenia and renal dysfunction. Moreover, 
inappropriate dosage regimens can lead to the 
appearance of drug resistant virus strains (Ikewaki 
et al.  2003  ) . 

 T-cell function plays a crucial role in main-
taining CMV in the latent stages and in control-
ling CMV infection. Therefore, patients with 
impaired cellular immunity such as leukemia or 
lymphoma are at higher risk for developing CMV 
antigenemia (A) and disease (D) due to insuf fi cient 
lymphoid control (both humoral and cellular) 
(Han  2007 ; Torres et al.  2006  ) . Furthermore, 
T-cell depleting agents (e.g. alemtuzumab) and 
aggressive chemotherapy (e.g. hyper-CVAD, and 
acute leukemia induction) appear to increase 
the risk of CMV infection and disease (Wade 
 2006  ) . Reports about incidence of these infec-
tions in lymphoma patients have been limited 
to a few case reports, small case series, and post-
mortem studies (Torres et al.  2006 ; Han  2007  ) . 
Epidemiological studies of CMV infection in 
cancer patients is important not only clinically 
for risk assessment and the timely diagnosis and 
treatment of the infection to allow better manage-
ment of underlying cancers but also scienti fi cally 
for better understanding of the virus-host interac-
tion (Han  2007  ) .  

   Incidence 

 In the absence of effective antiviral prophylaxis, 
the incidence of CMV infection among patients 
with hematological malignancy ranges from 5 to 
75% (Wade  2006  ) . An Early prospective surveil-
lance study from the University of Maryland 
Cancer Center reported an incidence of CMV 
infection in patients with acute leukemia and 
ranged from 32 to 58% (Wade  2006  ) . Non-SCT 
patients had an overall positivity rate of 9.3%, 
and those with lymphoid hematologic malignan-
cies (CLL, lymphoma and ALL) were affected 
more than those with myeloid hematologic 

malignancies (13.6% versus 3.9%, P < 0.001) 
(Han  2007 ; Ljungman et al.  2008  ) . Investigators 
at the Medical Anderson Cancer Center have 
reported a series of retrospective studies on the 
incidence of CMV disease among patients 
receiving conventional therapy (Torres et al. 
 2006  ) . Those investigators have reported an 
overall increase in CMV gastrointestinal disease 
and CMV pneumonia among patients with 
lymphoma and acute leukemia. These diseases 
were associated with high dose of cytarabine, 
 fl udarabine, or cyclophosphamide, and increased 
patient age. CMV attributable mortality for these 
patients ranged from 30% in lymphoma to 57% 
in leukemia and up to 90% in those undergoing 
HSCT (Torres et al.  2008 ; Wade  2006  ) . Faderl 
and his co-workers have reported that CMV 
viremia was detected in 15% of patients with 
lymphoid malignancy who were treated with 
alemtuzumab and rituximab (Faderl et al.  2003  ) . 
Viremia developed a median of 28 days after 
starting therapy (Wade  2006  ) . Torres et al.  (  2008  )  
have reported that incidence of CMV pneumonia 
in 20% of lymphoma patients was mainly in NHL 
(16% NHL versus 4% HL). 

 In contrast, another study (Chemaly et al. 
 2005  )  has reported that CMV pneumonia is 
less common among patients with lymphoma 
(1%: 1.2% in NHL versus 0.6% in HL patients) 
than among patients with leukemia (2.9%), or 
patients who have undergone autologous HSCT 
(2%), solid organ transplantation (17–90%), or 
allogeneic HSCT (7–20%). They reported that 
median time from diagnosis of lymphoma to 
onset of CMV pneumonia was 469 days (range 
27–4,682 days) in patients with NHL and 
135 days (range 40–275 days) in patients with 
Hodgkin disease (P = 0.020).  

   Epidemiology in Pediatric 
Lymphoma Patients 

 Generally, pediatric cancer patients are different 
from their adults in spectrum of oncologic diag-
nosis, intensity of chemotherapeutic regimens, 
and incidence of co-morbid medical conditions 
preceding diagnosis of cancer (Koh and Pizzo 
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 2011  ) . They reported that some risk factors 
exacerbate immunocompromise state in pediatric 
cancer patients enhancing their susceptibility 
to infectious complications like: alterations in 
central nervous system function or decreased 
levels of awareness, obstruction of a hollow 
viscus, depressed nutritive states this besides 
maturity of immune system is related to age 
(Jones et al.  1996  ) . They reported that mortality 
rate due to CMV pneumonia was higher among 
lymphopenic patients highlights the important 
role of lymphocytes in controlling viral infections 
(Nguyen et al.  2001  ) . 

 Yee-Guardino et al.  (  2008  )  have added, 
however, that  b -herpesviruses are known to be 
an important pathogens in immunocompromised 
patients, and they have not been extensively 
studied in children with malignancies. Children 
with leukemia have been reported to have a 
high frequency of active CMV infection (range, 
27–46%). But a relatively low frequency of seri-
ous CMV disease (range, 3–5%) (Yee-Guardino 
et al.  2008  ) . 

 Torres et al.  (  2008  )  have reported that CMV 
disease speci fi c mortality rate reaches up to 30% 
in lymphoma patients. In our previous report, 
CMV infection have been detected in 34% of 
pediatric lymphoma patients (Loutfy et al.  2010  ) . 
Most of CMV infection was among NHL patients 
of B subtype. This might be as reported previously 
due to exposure to more selective suppressive 
chemotherapy such as methotrexate, corticosteroids 
and cyclosporine that leads to diminished T cell 

function with disappearance of CD8 cytotoxic 
population (Chemaly et al.  2005  ) . Recently, a 
retrospective study has been performed in Taiwan, 
showing that 29.9% of their hematological 
malignancy adult patients suffered from CMV 
viremia with a mortality rate of 43.8% (Wang 
et al.  2011  ) .  

   Severity of CMV Disease 

 Serious CMV disease is especially high among 
patients with impairments in their cell mediated 
immunity. Disease manifestation varies in 
severity depending on degree of host immuno-
suppression. In patients with hematological 
malignancies CMV infection can cause a wide 
variety of disease manifestations, including 
fever, cytopenia, esophagitis, enterocolitis, 
hepatitis, cystitis, pneumonitis, retinitis, encepha-
litis, marrow suppression and disseminated 
disease. (Nguyen et al.  2001 ; Wade  2006  ) . 
Pneumonitis, gastro-intestinal disease and retini-
tis are serious complications of CMV reactiva-
tion in patients with non-Hodgkin’s lymphoma 
(Ducancelle et al.  2004  ) . At MDACC, they 
observed that the frequency of serious CMV 
disease and of CMV pneumonia in particular 
among patients with hematological malignan-
cies, escalated steadily during 1990s (Nguyen 
et al.  2001  ) . Table  15.1  summarizes some of the 
most common clinical manifestations in patients 
with hematological malignancies.   

   Table 15.1    Clinical manifestations of CMV infection in patients with hematological malignancies   

 Clinical 
manifestations  Type of malignancy 

 Patients diagnosed/
patients reviewed (%)  Diagnostic test  Reference 

 Leukocytosis  Hematological 
malignancies 

 5/32 (15.6)  Real time PCR  Wang et al.  (  2011  )  
 Neutopenia  13/32 (40.6) 
 Lymphopenia  24/32 (84.4) 
 Pneumonia  Adults with leukemia  61/2,136 (2.9)  Cell culture, IHC, 

histopathology 
 Nguyen et al.  (  2001  )  
and Torres et al.  (  2008  )   Hematological 

malignancies 
 16/25 (64) 

 Gastrointestinal  Hematological 
malignancies, 
and solid tumors 

 47/236,113  Cell culture, in situ 
hybridization, IHC, 
histopathology 

    Torres et al. ( 2006 ) 
 15/47 were lymphoma 

 Retinitis  CLL  Case report  PCR  Church et al.  (  2007  )  
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   Risk Factors Associated with CMV 
Disease 

 Some risk factors showed to be associated 
with CMV viremia and not only have an impact 
on outcome of cancer disease but also may be 
used in combination to identify patients at the 
highest risk of CMV disease in whom early 
intervention might be of greatest value (Meyers 
et al.  1990  ) . They demonstrated that seropositive 
patients, older patients, patients with acute 
graft-versus-host disease were more likely to 
develop CMV pneumonia than were patients 
without these characteristics. 

 In the study of Wang et al.  (  2011  ) , univariate 
analysis showed that mechanical ventilation, 
leukocytosis, hypoalbuminemia, and lack of 
appropriate early treatment were associated with 
higher mortality among patients with underlying 
diseases (hematological malignancy and solid 
tumors) suffering from CMV viremia. In the 
multivariate analysis, mechanical ventilation, 
leukocytosis, and lack of appropriate antiviral 
therapy were independent risk factors for 
mortality associated with CMV viremia in 
cancer patients. This indicates that CMV viremia 
had poor outcomes in cancer patients. 

 In another study, multiple logistic regressions 
identi fi ed complete remission and long duration 
of lymphopenia (> 3 months) as independent 
factors associated with fatal CMV pneumonia in 
lymphoma patients (Torres et al.  2008  ) . In addi-
tion, in their autopsy series they demonstrate 
other common factors that may be used to 
identify patients at risk of fatal infection, among 
these predictors, herpes simplex virus infection/
reactivation that seemed to be a marker of 
presumptive cellular immunosuppression preced-
ing the onset of CMV pneumonia in the study 
patients. Other previous studies have reported 
that HHV6 infection is one of the major contribu-
tions for induction of an immunosuppression 
state in patients with BMT and solid organ trans-
plantation associated with active replication of 
CMV in blood compartment and affects both 
clinical picture and prognosis in those patients 
(Loutfy et al.  2010  ) . 

 Chemaly et al.  (  2005  )  have reported some 
predictors of death due to CMV pneumonia 
in lymphoma patients on univariate analysis 
included, a high APACHE II (higher Acute 
Physiology and Chronic Health Evaluation II) 
score (> 16), this may be as reported by Wang 
et al.  (  2011  )  due to leukocytosis which is a crite-
rion of systemic in fl ammatory syndrome and 
have higher APACHE II score (Chemaly et al. 
 2005 ; Wang et al.  2011  ) . Admission to ICU, lack 
of antiviral therapy, and development of toxicity 
to antivirals are other predictors of death due to 
CMVp. Using multivariate analysis, predictors of 
death due to CMVp were a high APACHE II 
score (> 16) at onset of CMVp and development 
of toxicity to antivirals. Patients with high 
APACHE II score (> 16) at onset of CMVp had 
15.5 times the risk of dying of CMVp compared 
to patients with low APACHE II scores (Chemaly 
et al.  2005  ) . 

 In an earlier study done by Torres et al.  (  2006  ) , 
they have reported that mortality rate with CMV 
disease in lymphoma patients was 29%, they 
have identi fi ed several risk factors can predict 
fatal outcome of CMV antigenemia and or/CMV 
disease in such patients by univariate analysis 
included, admission to ICU, mechanical ventila-
tion level of LDH, high antigenemia burden 
(median 133 infected cells /1,000,000 WBC’s), 
active lymphoma disease (progressive disease), 
relapsed patients, advanced lymphoma stage (III/
IV), and antiviral related toxicity. On multivariate 
analysis only antiviral related toxicity was 
independent predictor of fatal outcome of CMV 
antigenemia/or disease in lymphoma patients. 

 As regards age, sex, and ethnicity and their 
association with CMV viremia in lymphoma 
patients. Seroprevalence of CMV is age-dependent, 
~about 58.9% of individuals at age of 6 and older 
are infected with CMV while 90.8% of individu-
als at age of 80 and older are positive for HCMV 
(   Staras et al.  2006  ) . In the study done by Wang 
et al.  (  2011  )  they observed that mean age of 
CMV viremic patients with solid organ malig-
nancies was signi fi cantly younger than those with 
hematological malignancies (63 years vs 
71.8 years, P = 0.03). Torres et al.  (  2006  )  have 
reported that the majority of CMV viremic 
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patients were men. The median age was 60 years 
(range 17–87 years). These authors showed in 
the autopsy study that the median age of patients 
with CMV pneumonia in lymphoma patients was 
43 years (15–76 years). Also, it has been reported 
that Asian patients with lymphoma and myeloid 
and other hematological diseases had signi fi cantly 
higher CMV antigenemia rates than whites. This 
may be explained by higher rates of CMV antibody 
among Asians and blacks than whites. This sug-
gests the role played by host factors in CMV 
antigenemia rates and viral burden (Han  2007  ) .  

   Association with Other Herpes Viruses 

 In our previous report, it has been observed that 
both CMV and HHV6 were present in 47% of 
pediatric NHL cases (Loutfy et al.  2010  ) . Previous 
studies have addressed explanations for such 
observations which could be due to: (1) immuno-
suppression from both NHL disease and its 
treatment may predispose patients to higher 
risk of coinfection, (2) An immunomodulating 
effect of HHV6 since it can induce production of 
interleukin -1 b  and tumor necrosis factor- alpha, 
suppress T lymphocyte function due to reduced 
interleukin-2 synthesis, and suppress bone 
marrow by inducing interferon -alpha production. 
(3) HHV-6 can directly infect CD4+ T-cells and 
induce apoptosis, thus altering key immune 
activation molecules pathways and subsequently 
disturbing the cytokine network. (4) HHV-6 can 
also infect thymic epithelial cells, hematopoietic 
stem cells, and natural killer cells, which are critical 
for immune maturation and protection against 
cancer and viral infections. 

 All these factors could contribute to patho-
logic effects of CMV as a result of HHV6 reacti-
vation, and also create an environment suitable 
for persistence of HHV6 latency (Wang et al. 
 2006  ) . In addition, it has been reported that the 
combination of both HHV6 and CMV infection 
after organ transplantation was more likely to be 
associated with CMV disease than with CMV 
infection alone (Loutfy et al.  2010  ) . Furthermore, 
our study extended to demonstrate adverse impact 
of presence both herpes viruses (HHV6, CMV) 

in pediatric lymphoma patients, as 70% of those 
patients showed clinical manifestations of severe 
chest infection and were associated with more 
frequent episodes of febrile neutropenia (median 
3 episodes), long duration of febrile neutropenia > 
10 days, absolute neutrophil count (ANC) of 
< 0.8, thrombocytopenia (plt < 96), and low Hb 
concentration (Hb < 9.1). However, these data are 
limited by interference of lymphoma treatment 
which could aggravate suppressive effect of pres-
ence of both herpes viruses (Loutfy et al.  2010  ) . 

 A few clinical studies have investigated 
whether there is an association between CMV 
and Epstein-Barr virus (EBV) reactivation in 
the blood compartment of immunosuppressed 
patients. While they have been found that reacti-
vation of each virus occurred independently, 
others have shown an association between CMV 
infection and the serologic pro fi le of EBV reacti-
vation. In vitro studies have shown as well that 
there might be an association between CMV and 
EBV (Bauer et al.  2007  ) .  

   Laboratory Diagnosis for CMV 
Infection/Disease in Pediatric 
Lymphomas 

 Early and accurate diagnosis and reliable meth-
ods for monitoring CMV infection are essential 
for managing adult T- cell leukemia-lymphoma 
patients (Ikewaki et al.  2003  ) . 

 The conventional methods for the diagnosis of 
CMV infection/disease are viral isolation by viral 
culture, serology which includes CMV speci fi c 
antigen and antibody detection, molecular method 
for detection of viral DNA from blood and 
clinical specimens. Although serology is sensi-
tive and speci fi c, results are not helpful in immu-
nocompromised cases because, (1) not rapid due 
to the need to obtain a convalescent serum sample 
10–14 days after initial sample, (2) in certain types 
of immunocompromised patients, the ability to 
mount an IgM response may be impaired; there-
fore, IgM is not reliable for diagnosing active 
infection (Drew  1992  ) . 

 Viral isolation done by either tissue culture or 
shell vial is the most speci fi c diagnostic test and 
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till now was regarded the gold standard, but it is 
labor intensive and take time (24–48 h) till the 
results are available. Hence, other rapid methods 
such as detection of pp65 antigen from peripheral 
blood leukocytes (antigenemia assay) and CMV 
DNA are preferred for diagnosis (Jain et al.  2011  ) . 
A valuable feature of the CMV antigenemia assay 
is that it is rapid (4–5 h), quantitative, antigenemia 
became positive 8± 7 days before onset of symp-
toms while antibody response observed 4 ± 9 days 
after onset of symptoms. Therefore, antigenemia 
test is useful in monitoring infection and antiviral 
treatment in immunocompromised patients, 
because high levels of antigen are frequently 
found in patients with CMV disease and low 
levels correlate with asymptomatic infections 
(   Loutfy and Mansout  2000  ) . However, there is 
disadvantage to this method, it couldn’t distin-
guish between primary and reactivated infection 
(Vancíková and Dvorák  2001  ) . 

 Molecular methods considered to be the rele-
vant diagnostic methods for detection CMV DNA 
in various samples. PCR is highly sensitive and 
speci fi c method that is now being applied in a 
quantitative or semi-quantitative manner. It has 
the ability to detect minute amounts of nucleic 
acid in various clinical samples, and can detect 
the onset of CMV viremia 1-2 week prior to cul-
ture and antigenemia tests. However, its inherent 
sensitivity poses a problem because latent CMV 
genomes, which are present in leukocytes of 
practically all seropositive individuals, may be 
ampli fi ed (Razonable et al.  2002  ) .  

   Quantitation of CMV DNA 

 Quantitation of CMV DNA in plasma and other 
biological samples is very useful for rapid diag-
nosis of infection and effective monitoring clini-
cal course of disease and response to therapy. 
Therefore, it can be used as an early indicator of 
development antiviral resistance as CMV DNA 
in the plasma tend to persist longer after therapy 
than pp65 antigens (Razonable et al.  2002  ) . 
Preliminary data suggests that various clinical 
manifestations, such as prolonged fever, pneu-
monitis, heart failure, and retinitis, existed in 

immunocompromised patients with heavy viral 
burden (Han  2007  ) . Difference between viral 
load among symptomatic patients when com-
pared with asymptomatic patients in kidney 
transplant patients (KR) was reported. In study 
from Kuwait, they reported that median viral 
load (4.7log10 copies/ml) of symptomatic KR 
was signi fi cantly higher than that found among 
asymptomatic KR (2.2 log 10 copies/ml) (Madi 
et al.  2007  ) . Such data are not available in the 
literatures, particularly in patients with malignan-
cies with CMV infection and or /disease (Wang 
et al.  2011  ) . However, as we mentioned before 
regarding data reported concerned antigenemia 
rate which is one of the risk factors for develop-
ment of fatal outcome of CMV disease in lym-
phoma patients (median number of CMV infected 
cells per 1,000,000 WBCs was higher in patients 
with CMV-disease compared to those with anti-
genemia (median 18 vs 5 cells). Meyers et al. 
 (  1990  )  have reported that CMV viremia had a 
higher positive predictive value before the onset 
of CMV disease, particularly prior to pneumonia 
and gastrointestinal diseases. Prevention of the 
progression of CMV infection from asymptomatic 
excretion to symptomatic CMV disease depends 
on a number of factors like: (1) the interval 
between the  fi rst excretion and the onset of clini-
cal disease, they reported that the median interval 
between CMV viremia and occurrence of CMV 
disease was 14 days which is suf fi ciently long 
to allow initiation of antiviral chemotherapy, 
(2) Rapid and higher test sensitivity, and (3) disease 
prevalence in seropositive patients. These data 
when combined with viral load might help clini-
cian in the early identi fi cation of patients at high 
risk for fatal outcome due to CMV viremia and 
increase opportunity of early intervention in the 
course of infection before the onset of disease. 

 All possible de fi nitions that related to diagno-
sis of CMV infection and disease have been 
published for application in immunocompro-
mised patients and summarized in Fig.  15.1 . They 
recommended that CMV syndrome which can 
cause fever and bone marrow suppression 
(neutropenia and thrombocytopenia), these symp-
toms can be associated with other causes in 
stem cell transplant recipients, including human 
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herpesvirus 6 (HHV6). Therefore, term CMV 
syndrome can be used but at least after testing 
HHV6 and it is important that cases of CMV syn-
drome be differentiated from cases of end organ 
disease (Ljungman et al.  2002  ) .   

   Treatment of CMV Infection/Disease 
in Immunocompromised Patients 

 The choice of antiviral drugs depends on; 
individual patient, risk of progression of CMV 
disease, and risk of side effects of chosen drug 

(Ljungman et al.  2008  ) . Three major therapeutic 
approaches are currently employed to manage 
CMV infections and diseases; (1) prophylactic, 
(2) preemptive, and (3) disease treatment. 
  Prophylactic treatment.  This strategy of treat-
ment is started in the absence of detectable virus 
or disease, aimed to prevent CMV infection or 
reactivation in patients at risk of subsequently 
developing disease. The potential bene fi t of the 
prophylactic treatment is to prevent infection 
during 3–6 months after transplantation. Although 
this can decrease early CMV disease, the mortality 
rate was not changed because intercurrent 

Ljungman et al., 2002

ICH: immunohistochemistry

Fever-Anemia-pneumonitis-
colitis-retinitis-encepahalitis, 

hepatitis, etc

Pneumonia: presence of 
CMV in BAL, or lung 
tissues using IHC, 
histopathology, in situ 
hybridization

Negative for both 
CMVpp65 antigen and 
CMVDNA tests rule out 
active CMV infection  

Positive for CMV pp65 
antigen, or CMV DNA in 
various clinical samples 

Follow up,
confirmatory tests to
locate site of disease

Gastrointestinal: 
presence of CMV 
gastrointestinal biopsy, 
endoscopy, mucosal 
abnormality by IHC, 
histopathology 

Hepatitis: absence of 
any cause of hepatitis, 
detection CMV in liver 
biopsy specimen by 
IHC. HCV can be 
present but causative of 
hepatitis is CMV

Retinitis: Lesions 
typical of CMV retinitis 
must be confirmed by 
ophthalmologist

Nephritis: presence of 
CMV in kidney biopsy
by IHC, histopathologic 
features. Detection of 
CMV in urine does not 
fulfill CMV nephritis.

Myocarditis: Presence 
of CMV in heart biopsy 
by IHC, in-situ 
hybridization, presence 
CMV histologic features 
in heart. PCR alone not 
enough for diagnosis

CNS disease: presence 
of CMV in CSF samples 
specimens by culture or 
PCR, in brain biopsy by 
histopathology testing, 
IHC analysis, or in situ 
hybridization

Negative CMV IgM 
cannot rule out CMV 
active infection  

Detection of 
DNAviral  load 

  Fig. 15.1    Systematic approach for diagnosis of CMV infection/disease in immunocompromised host (Ljungman et al. 
 2002  ) .  ICH  immunohistochemistry       
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infections and high incidence of late CMV disease 
(Yeung et al.  2009  ) . Ganciclovir administered 
intravenously (DNA polymerase inhibitor) for 
2 weeks or for at least 3 months following 
transplantation, reduces risk of CMV disease but 
didn’t improve survival as long lasting treatment 
was found to be associated with neutropenia 
and secondary bacterial and fungal infections 
(Ljungman et al.  2008  ) . Valganciclovir is an 
effective oral formulation for treatment of CMV 
infection, is devoid of adverse side effects related 
to the use of i.v. ganciclovir, cidofovir and foscar-
net (Cvetković and Wellington  2005  ) . Foscarnet 
can be used as an alternative to i.v. ganciclovir in 
case of marrow suppression or development of 
resistance (Yeung et al.  2009  ) . Immunoglobulins 
have no value in prophylaxis. 
  Preemptive treatment . This strategy was  fi rst doc-
umented in 1990s, requires the administration of 
antiviral drug only when patient develops labora-
tory evidence of CMV infection. In this regard, 
pre-emptive therapy is usually guided by routine 
monitoring of CMV infection such as the presence 
of viral DNA or antigens in the blood prior of the 
development of symptoms (Wang et al.  2011  ) . 
Such strategy showed some advantages include: 
(1) target patients who are at high risk of develop-
ing infection and disease, (2) reduce antiviral tox-
icity, (3) reduce the chances of the emergence of 
drug resistant mutants, and (4) reduce the cost of 
treatment (Ljungman et al.  2008  ) . Either i.v. ganci-
clovir or foscarnet can be used for  fi rst line pre-
emptive therapy. Cidofovir can be considered for 
second line pre-emptive therapy with careful mon-
itoring of renal toxicity. Valganciclovir might be 
used in place of i.v. agents in low risk patients 
(Ljungman et al.  2008  ) . Clinical risk factors for 
CMV disease need to be well de fi ned so that pro-
phylactic and preemptive strategies can be targeted 
rationally (Nguyen et al.  2001  )  
  Treatment of symptomatic CMV infections and 
diseases . In case of symptomatic infection, 
those are patients with CMV viremia (CMV DNA 
in blood) and showing symptoms compatible 
with CMV (fever with or without bone marrow 
suppression) but without signs of CMV end organ 
diseases, which should be carefully assessed. 
In SCT, i.v., ganciclovir or foscarnet can be 

administered as  fi rst line of treatment. In patients 
receiving alemtuzumab, valganciclovir is 
used in addition to ganciclovir and foscarnet 
(Ljungman et al.  2008  ) . Failure of preventive 
strategies leads to development of CMV disease; 
such disease can develop anytime after SCT 
from early neutropenic phase up to several years 
after transplantation. Combination of i.v., gancy-
clovir and high dose of immunoglobulin is used 
for treatment of CMV pneumonia. No data 
support the administration of immunoglobulin 
for treatment of manifestations of CMV diseases 
other than pneumonia. Foscarnet might be used 
in place of ganciclovir. Cidofovir or combina-
tion of foscarnet and i.v. ganciclovir can be used 
as second line of therapy (Ljungman et al.  2008  ) . 
The development of new antiviral drugs seems 
very promising, because some of them are able 
to prevent immunopathogical events triggered 
by the virus. In addition, they are unlike those 
targeted CMV DNA polymerase and therefore, 
suppress active viral replication but do not 
eliminate the virus (Ducancelle et al.  2004  ) . 
Maribavir, CMV UL97 kinase inhibitor, does 
not target DNA polymerase, is considered one 
of the most promising anti CMV drugs in clinical 
development. Lobucavir, adefovir-dipivoxil and 
antisense oligonucleotides are under clinical 
development (Vancíková and Dvorák  2001  ) . 
Table  15.2  demonstrates some of the recommen-
dations for the management of CMV diseases in 
immunocompromised hosts.  
  Adoptive immunoprophylaxis . It is not stan-
dardized for routine use. Several groups have 
studied the usefulness of adoptive transfer of 
CMV-speci fi c T cells or vaccination with 
CMV-primed DC (dendritic cells) (Ljungman 
et al.  2008  ) . These technologies seem not to be 
associated with signi fi cant toxicity but their 
effectiveness needs to be further assessed in 
controlled trials.  

   Anti CMV Drug Resistance 

 Antiviral drug-resistant CMV mostly emerges 
in highly immunocompromised patients such 
those with AIDS and bone marrow or solid 
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organ recipients with a high systemic CMV 
load (Drew  2000  ) . Drug-resistant CMV infec-
tions have rarely been reported in other clinical 
settings. However, Erice et al.  (  1989  )  high-
lighted the risk of drug-resistant CMV emerg-
ing in patients with blood malignancies. These 
authors were the  fi rst to describe ganciclovir-
resistant isolates and one of these isolates was 
recovered from a patient with chronic lympho-
cytic leukaemia. Rise in the viral load during 
 fi rst week of antiviral therapy is not an indica-
tion of viral resistance (Ljungman et al.  2008  ) , 
but usually does emerge after several weeks of 
antiviral therapy. Drug resistance might be 
clinical or viral. Clinical resistance depends on 
host factors, but viral resistance is due to muta-
tions in the viral genome. The simultaneous 
recurrence of multiple strains has been observed 
in immunocompromised patients (Baldanti 
et al.  1998  ) . The presence of antiviral resis-
tance can be determined by either phenotypic 
or genotypic assay. DNA sequencing can be 
used to screen for the most commonly seen 
mutations in ganciclovir-resistant strains of 
CMV (Ljungman et al.  2008  ) . Such assays 
should be performed to allow selection of 
correct second line antiviral therapy. Under-
standing how the CMV genotype changes in 
the presence of antiviral therapy changes will 
help to determine the best strategy for long-
term anti-CMV treatment.      
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